Introduction 8
Protein phosphorylation is a reversible posttranslational modification that can modulate 9 protein role in several physiological processes in almost every possible way. These include 10 modification of its intrinsic biological activity, subcellular location, half-life and binding 11 with other proteins. Protein phosphorylation is particularly important for the regulation of 12 key proteins involved in the control of cell cycle progression. 13
Protein phosphorylation is the covalent binding of a phosphate group to some critical residues 14 of the polypeptide. The phosphorylation state of a protein is given by a balance between the 15 activity of protein kinases and protein phosphatases. Eukaryotic protein kinases transfer 16 phosphate groups (PO4 3-) from ATP to an ossidrile group of the lateral chain of specific serine, 17 threonine or tyrosine residues on peptide substrates. In simple eukaryotic cells, like yeasts, 18
Ser/Thr kinases are more common, while more complex eukaryotic cells, like human cells, 19 have many Tyr kinases. Protein kinases recognize their substrates specifically and their active 20 site consists of an activation loop and a catalytic loop between which substrates bind. Protein 21 kinases differ from each other in the structure of their catalitic domain. A second class of 22 enzymes, protein phosphatases, is responsible for the reverse reaction in which phosphate 23 gropus are removed from a protein. Phosphatases gain specificity by binding protein cofactors 24 which facilitate binding to specific phosphoproteins. The active phosphatase often consists of a 25 complex of the phosphatase catalytic subunit and a regulatory subunit. 26
The use of protein phosphorylation/dephosphorylation as a control mechanism has many 27 advantages since it is rapid, it does not require new proteins to be made or degraded and it 28 is easily reversible. The phosphorylation of specific residues induces structural changes that 1 regulate protein functions by modulating protein folding, substrate affinity, stability and 2 activity. For example, phosphorylation can cause switch-like changes in protein function, 3 which can also lead to major modifications in the catalytic function of enzymes, including 4 kinases and phosphatases. In addition, protein phosphorylation often leads to 5 rearrangement in the structure of the protein that can induce changes in interacting partners 6 or subcellular localization. 7
Phosphorylation acts as a molecular switch for many regulatory events in signalling 8 pathways that drive cell division, proliferation, differentiation and apoptosis. In order to 9 ensure an appropriate balance of protein phosphorylation, the cell can compartmentalize 10 both protein kinases and phosphatases. [3] , that appear to target the kinase to 3 mitotic substrates. In addition, it has been shown that phosphopeptide binding to the PBD 4 stimulates kinase activity, suggesting a conformational switching mechanism for Plk 5 regulation and a double function for the PBD. 6
It is the simplicity, reversibility and flexibility of phosphorylation that explains why it has 7 been adopted as the most general control mechanism of the cell. Below we describe how 8 phosphorylation and dephosphorylation events can finely regulate in space and time some 9 key proteins in the control of cell cycle progression in Saccharomyces cerevisiae . 10 2. The protein kinase Swe1 is regulated at several levels Swe1 levels are controlled by the "morphogenesis checkpoint", a pathway that is activated 25 in response to alterations in the actin cytoskeleton or in septin organization. The activation 26 of this checkpoint ultimately leads to Swe1 stabilization and a subsequent delay in nuclear 27 division [6] . In an unperturbed cell cycle, Swe1 is recruited to the mother-bud neck in S 28 phase; this change in its localization, which is promoted by the interaction with its 29 regulators Hsl1 and Hsl7, is essential for subsequent Swe1 multiphosphorylation, an event 30 that leads to its ubiquitylation and degradation, thus allowing entry into mitosis. The 31 morphogenesis checkpoint causes Swe1 stabilization by interfering with its localization to 32 the bud neck, acting directly on Swe1 or on its regulators Hsl1 and Hsl7, thus preventing 33 modifications that lead to its degradation [7] . Accordingly, the lack of septin localization at 34 the bud neck results in Swe1 stabilization [7] [8] [9] , and even subtle perturbations in septin 35 structure interfere with Hsl1 and Swe1 localization to the bud neck [7] . 
Budding yeast cytokinesis is controlled by several phosphoproteins

15
Cytokinesis is the spatially and temporally regulated process by which, after chromosome 16 segregation, eukaryotic cells divide their cytoplasm and membranes in order to produce two 17 daughter cells. In budding yeast, the activity of the components of the citokinetic machinery 18 is tightly controlled and their recruitment to the mother-bud neck follows a hieralchical 19 order of assembly during the cell cycle. Most of these regulations are driven by 20 phosphorylation and dephosphorylation events. 21 Cytokinesis completion is driven by complex and partially redundant pathways that 1 regulate the assembly and contraction of an actomyosin ring (AMR) and the deposition of a 2 trilaminary septum between mother and bud. In particular, the AMR is involved in 3 constricting the plasma membrane at the division site to complete closure [57,58] and AMR 4 contraction is coupled to the centripetal growth of the primary septum (PS). 5
The first step towards cytokinesis is the assembly of a septin ring, which forms at the bud 6 neck concomitantly with bud emergence as soon as cells enter S phase, and marks the 7 position where constriction between mother and daughter cell will take place at the end of 8 mitosis. During S phase, the septin ring becomes an hourglass shaped structure that serves 9 as a scaffold for recruiting other proteins to the bud neck, among which the type II myosin 10 heavy chain Myo1 that forms a ring at the presumptive bud site during early S phase [57] . 11
This Myo1 ring persists at the mother-bud neck until the end of anaphase, when a 12 coincident ring of F-actin assembles and the resulting AMR eventually contracts, 13 accomplishing septum formation. In late anaphase Hof1, Cyk3 and Inn1 are recruited 14 sequentially to the bud neck. All these proteins are required to activate the chitin synthase 15
Chs2 [59] [60] [61] , which is in turn recruited to the division site after mitotic exit and is required 16 to build the primary septum (PS) which is mostly made of chitin. Once the cytokinetic 17 apparatus is fully assembled, AMR contraction, membrane invagination and PS synthesis all 18 begin almost immediately. After completion of the PS, at either side of this structure, 19 secondary septa (SS), which are made of the same components as the cell wall, i. e. glucans 20 and mannan, are synthetized [62] . At this point, mother and daughter cells are connected by 21 a trilaminar septum. Aftewards, cell separation is driven by the action of endochitinase, 22
Cts1, and glucanases, Dse2 Dse4 Egt2, that degrade the PS from the daughter side [63,64]. 23
Then mother and daughter cells separate permanently from each other leaving a disk of 24 chitin, called "bud scar", on the mother cell surface. 25
The events leading to cytokinesis must be tightly controlled and coordinated with 26 chromosome segregation and mitotic exit in order to ensure the genetic stability during cell 27 growth and thereby the fate of daughter cells. Several pathways are able to regulate the last 28 event of the cell cycle including the Mitotic Exit Network (MEN). The MEN seems to control 29 not only the exit from mitosis but also the timing of cytokinesis. In fact, several MEN 30 components localize to the division site after mitotic exit and they likely play a direct role in 31 the regulation of cytokinesis. Cyk3 is an SH3-domain protein and was isolated as high-copy suppressor of lethality in an 39 iqg1∆ strain [72] and in a myo1∆ strain [73] . Cyk3 interacts with Hof1 and both cooperate to 40 recruit Inn1 [61, 74] , that is essential for activation of chitin synthase and therefore for primary 41 septum formation [60, 61] . Overexpression of CYK3 leads to an actomyosin independent 1 recruitment of Inn1 to the bud neck [74] , indicating that Cyk3 plays a central role in a rescue 2 mechanism for cytokinesis in the absence of a functional AMR. Cyk3 activity and localization 3 are positively regulated by phosphorylation events (Figure 3 ). Cyk3 total levels are constant 4 throughout the cell cycle, but interestingly Cyk3 phosphorylated species begin to accumulate 5 after mitotic exit and this leads to its recruitment to the bud neck. This phosphorylation event 6
requires the MEN activity [75] . In particular, it has been proposed that Cyk3 is phosphorylated 7 by Dbf2-Mob1 kinase but if it is its direct substrate has not been determined. 8 It has instead been demonstrated that the Dbf2-Mob1 kinase, that appears at the division site 9 just before AMR contraction [76, 77] from the septin ring and localization to the AMR (Figure 3 ). There, phosphorylated Hof1 27 promotes AMR contraction by an unknown mechanism. 28
The third example is the regulation of the chitin synthase that deposits the PS. Chs2 is an 29 integral membrane protein that polymerizes chitin from its precursor UDP-N-acetyl-30 glucosamine. The chitin synthase 2 is synthetized in G2/M and accumulates in the 31 endoplasmic reticulum (ER Chs2 is traslocated to Golgi and, through secretory vescicoles, is delivered to the plasma 41 membrane at the bud neck ( Figure 3) 
11
These modifications promote Hof1 release from the septin ring and localization to the actomyosin ring.
12
Chs2 accumulates in the endoplasmic reticulum (ER) with its N-terminus exposed into the cytoplasm, 13 this tail is phosphorylated by Cdc28-Clb2. These phosphorylations events are important for Chs2 14 retention into the ER. At the end of mitosis, Chs2 N-terminus is directly dephosphorylated by the 15 protein phosphatase Cdc14, then dephosphorylated Chs2 is traslocated to Golgi and, through secretory 16 vescicoles, is delivered to the plasma membrane at the bud neck.
17
Conclusion
18
The phosphorylation of a protein is a simple mechanism that alters its conformation, and so 19 its ability to function, in a reversibile way. As we can learn from the examples of protein 20 regulation that we have focused on, phosphorylation is a flexible mechanism that regulate 21 the target protein in several ways. Indeed, phosphorylation is not simply used to switch the 22 activity of a protein on or off, but can have many additional roles. It can influence its ability 23 to form complexes with other proteins, it can affect the rate at which a protein is degraded 24 or its ability to localize to a particular subcellular location. For example, phosphorylation 25 events on the protein kinases Swe1 and Kin4, and on the cytokinetic proteins Cyk3, Hof1 26
and Chs2 lead to change in their localization. 27
The action of kinases is counteracted by phosphatases and both controls are essential to 1 determine the phosphorylation state of the target proteins. The balance of phosphorylation 2 and dephosphorylation can also be critical in determining the strength and duration of the 3 response. Therefore, kinases and phosphatases must be regulated spatiotemporally in order 4 to obtain the proper cellular response. 5
In addition, a protein can be modified by the addition of a single phosphate group or by 6 multiple phosphates, by a single protein kinase or by multiple kinases. Multisite 7 phosphorylation is a strategy that enables two or more effects to operate in the same protein. 8 Indeed, some phosphorylation events "prime" the protein in order to be phosphorylated by 9 another kinase that acts subsequently in the same cellular compartment or in another 10 location. 
